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Laparoscopic Versus Open Partial Nephrectomy for Stage T1a of Renal Tumors
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Purpose: Partial nephrectomy is the gold standard treatment for small kidney masses. Data on the comparison of 
laparoscopic (LPN) versus open partial nephrectomy (OPN) are based on retrospective studies. Thus, we planned 
to compare these two techniques in a prospective trial.

Materials and Methods: The study population consisted of patients over 18 years old with single renal mass of 
≤ 4 cm. Patients were divided into two groups considering their preference. Study arms were matched according 
to age, gender, tumor size and location and renal nephrometry score. Mean operation time, warm ischemia time, 
hospital stay, peri-operative complications and changes in glomerular filtration rate (GFR) after 1 month were re-
corded and compared in two groups. Patients’ satisfaction score, visual analogue scale  and narcotics use to control 
post-operative pain were also studied.

Results: 34 and 31 patients underwent LPN and OPN, respectively. There was no significant difference between 
OPN and LPN regarding hospital stay (4.1 versus 4.6 days;  P = .37), mean hemoglobin drop (2.17 and 1.96 g/dL; 
P = .62), changes in GFR and positive margin (1 versus 3 p=.40). LPN was accompanied with longer mean surgery 
time (180 min versus 127 minutes; P < .001) and higher rate of urologic complications (P = .04); nevertheless, 
patient satisfaction rate was higher (P = .02) and dose of narcotics necessary for controlling post-operative pain 
was lower (P = .04) in LPN.

Conclusion: This clinical trial shows that LPN has some benefits over OPN, including decreased post-operative 
pain and higher patient satisfaction. However, extra caution should be considered in the issue of tumor margin and 
urinary leakage in LPN. 
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INTRODUCTION

Nephron sparing surgery (NSS) was initially rec-
ommended for renal tumors in a solitary kidney, 

familial and multifocal masses and for those who al-
ready suffered from chronic kidney disease.(1). As time 
elapsed, further studies revealed that radical nephrec-
tomy is a risk factor for chronic kidney disease; and 
saving as much renal parenchyma as possible would 
prevent subsequent kidney disease and related mor-
bidities(2). NSS provides effective long term benefits 
in localized renal tumors in terms of cancer control 
and renal function, and thus it is currently the standard 
treatment for renal masses under 7 cm (stage T1)(3,4).
Conversely, based on the evolution and increasing ex-
pertise in the field of minimally invasive surgery, a trend 
towards laparoscopic partial nephrectomy (LPN) in the 
treatment of small kidney masses has been develop-
ing(5,6). Those who pioneered the field of LPN, applied it 
for relatively small and peripheral renal tumors(7). Low-
er blood loss, post-operative pain, and shorter convales-
cence period alongside small incisions, have been con-
firmed as the primary advantages of LPN(8). However, 

there may be some concerns regarding the feasibility, 
safety, warm ischemia time (WIT), long-term chang-
es in renal function and cancer control after LPN(5).
Open partial nephrectomy (OPN) was  considered as 
the gold standard treatment for stage T1a of renal tum-
ors  for years(9). Several studies has shown similar out-
comes for LPN as compared to OPN(10). Nevertheless, 
the main concern is that the majority of previous studies 
in this field are retrospective and there is a paucity of 
prospective clinical trials. The current study is the first 
clinical trial to compare the safety, side effects, chang-
es in renal function and post-operative pain control 
between LPN and OPN in stage T1a of renal tumors.

MATERIALS AND METHODS
This study involves a non-randomized prospective trial 
that was carried out from September 2013 to Decem-
ber 2014 in two medical centers in Tehran, Iran. The 
sample size was calculated according to a pilot study to 
assess the difference in patient’s satisfaction. Consid-
ering 95% confidence interval and 80% power for the 
study, a total of 60 patients were needed to achieve the 
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primary aim of the study, which was to compare the ra-
tio of the side effects, patients’ satisfaction and changes 
in renal function between LPN and OPN. All stages of 
the study were carried out under the supervision and 
approval of the ethical committee of the Iranian Urolo-
gy and Nephrology Research Center. Written informed 
consent was presented to and taken from all patients.
The study population included patients of over 18 years 
old with a single renal mass staged T1aN0M0 based on 
clinical and radiologic examinations. Exclusion crite-
ria consisted of glomerular filtration rate (GFR) < 60 
cc/min, masses in anatomically or functionally single 

kidneys, inability to perform partial nephrectomy (such 
as a tumor in the hilar region) and absolute contra-in-
dication for laparoscopy (bowel obstruction, infection 
of abdominal wall and aneurysm of great vessels). The 
study arms were not randomized due to patients’ pref-
erence; Nevertheless, they were matched considering 
age distribution, gender, American Society of Anes-
thesiologists (ASA) classification for health status, tu-
mor size and location (exophytic or endophytic, upper 
or mid or lower pole) and renal nephrometry score.
Surgical technique
LPN was performed under general anesthesia in lat-
eral decubitus position. A 12 mm port was inserted at 
the umbilicus using open access approach. Then a 5 
mm (sub xiphoid), 10 mm (para rectal region parallel 
to umbilicus), and 5 mm (2 cm medial to anterior su-
perior iliac spine) ports were inserted under direct vi-
sion. For right sided operations, the 10 mm port was 
placed in sub xiphoid. Whenever necessary, anoth-
er 5 mm port was used for liver retraction in the pa-
tients with right kidney mass. All patients underwent 
LPN via a transperitoneal approach. After medial 
mobilization of the colon and exposure of renal vas-
cular pedicle, main renal artery was clamped using a 
bulldog. No cooling mechanism was used. The tumor 
was resected with a safe margin and extracted using 
an endobag. Renal parenchyma was sutured using a 
2-0 absorbable polyglactine suture in a running fash-
ion in one layer and bolster was not used routinely. 
For OPN, a flank incision was made in the same po-
sition. 11th or 12th rib was resected as required. Ret-
roperitoneal approach was used to gain access to the 
kidney. Like LPN, only renal artery was clamped 

Table 1. Basic characteristics of the study population.

		  VARIABLE			  OPN	 LPN		  TOTAL	 P VALUE

MEAN AGE, YEARS				   54.8		  50.3	 52.4	 0.20

GENDER		  Male		  23		  23	 46 (70.8%)	 0.30

			   Female		  8		  11	 19 (29.2%)	

BMI					     27.4		  26.9	 27.1	 0.50

HISTORY OF SMOKING			   9 (29%)		  5 (14.7%)	 14 (21.5%)	 0.16

CHIEF COMPLAINT

			   Incidental		  12		  21	 33 (50.7%)	

			   Flank pain		  14		  11	 25 (38.4%)	

			   Hematuria		  4		  2	 6 (9.3%)	

			   Others		  1		  0	 1(1.6)	

MEAN TUMOR SIZE, MM			   37.1		  33.8	 35.4	 0.30

TUMOR ETHNICITY	 Exophytic		  22		  23	 45 (69.2%)	 0.60

			   Endophytic		  9		  11	 20 (30.8%)	

TUMOR LOCATION		 Upper Pole		  11		  9	 20 (30.8%)	 0.70

			   Mid Pole		  7		  10	 17 (26.1%)	

			   Lower Pole		  13		  15	 28 (43.1%)	

RENAL NEPHROMETRY SCORE			  5.87		  5.81	 5.84	 0.80

Abbreviations: OPN: open partial nephrectomy; LPN: Laparoscopic partial nephrectomy; BMI: Body mass index.

Complication		  LPN	 OPN

Urinary Leakage		  5	 0

Sepsis			   2	 0

Delayed Hemorrhage		  1	 0

Abcess Formation		  1	 0

Azothemia		  0	 1

CVA			   0	 1

PTE			   1	 0

GI Bleeding		  0	 1

Overall			   10(29%)	 3(9.7%)

Abbreviations: LPN: Laparoscopic partial nephrectomy; OPN: 
Open partial nephrectomy; CVA: cerebro-vascular accident; PTE: 
pulmonary thromboemboli; GI: gastro-intestinal.

Table 2. Frequency of post-operative complications in two groups.
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and no cooling mechanism was used. Following con-
trol of small blood vessels with 8-figure knots and 
repairing the pyelocalyceal system, renorrhaphy 
was performed the same as laparoscopic approach.
Whenever there were signs of urinary leakage (fe-
ver, flank pain, prolonged ileus and urinary discharge 
from drain), a double-j (Dj) stent was inserted via 
cystoscopy, and Foley catheter was kept until ter-
mination of urinary leakage. Otherwise, Foley cath-
eter was withdrawn the day after surgery and per-
cutaneous drain was removed when its daily output 
reached lower than 25 cc. Patients were subsequent-
ly discharged if there was no major complication.
Variables and statistics
Complications during surgery and after operation were 
listed and categorized according to Clavien-dindo clas-
sification. Warm ischemia time (WIT), operation time 
and hospital stay were recorded in all patients. To com-
pute peri-operative bleeding, hemoglobin (Hb) changes, 
blood transfusion rate and estimated intra-operative hem-
orrhage (according to suction bottle) were used. Serum 
creatinine (Cr) and glomerular filtration rate (GFR) was 
measured before, one day and one month after surgery. 
Post-operative pain was assessed at the time of discharge 
using visual analogue scale (VAS). VAS has a score 
ranging from 0 to 10 in which 0 means no pain and 10 
represents the worst possible pain. To control post-op-
erative pain and discomfort, oral or rectal non-steroidal 
inflammatory drugs (NSAID) were given to the patient. 
In those patients whose pain did not respond to NSAIDs, 
intravenous pethidine (0.25 mg/kg) was injected. The to-
tal dosage of pethidine administrated to control post-op-
erative pain was measured in the first 24 hours after 
the operation and compared in the two study groups. 
To assess patient satisfaction score after one month, 
all patients were asked if they were satisfied with the 
operation; and what type of operation (open or laparos-
copy) they would choose if they had the same surgery.
SPSS version 18 was used for data analysis. Independent 
sample T-test and chi-squared test were used to compare 
variables and ratios between the two groups. P value 
lower than 0.05 was considered statistically significant.

RESULTS
Baseline Variables
In this study, 31 and 34 patients underwent OPN 
and LPN, respectively. The mean age was 54.8 and 
50.3 years in OPN and LPN, respectively (P = .20). 
Table 1 illustrates gender distribution, body mass 
index (BMI), patients' symptoms, tumor size, loca-
tion and mean renal nephrometry score in the two 
groups. The mean tumor size was 37.1 and 33.8 mm 

in OPN and LPN groups, respectively (P = .30). 
Mean operation time was significantly higher in LPN 
than OPN (180 versus 127 minutes, respectively, P 
< .001). There was no significant difference between 
the two groups regarding hospital stay (4.1 versus 
4.6 days for OPN and LPN, respectively; P = .38).
Mean hemoglobin drop one day after surgery was 2.17 
and 1.96 g/dL in OPN and LPN groups, respectively; 
which was not statistically significant (P = .62). The 
mean packed red blood cell transfusion was lower in LPN 
than in the OPN group (0.55 versus 0.41 units), but was 
not statistically significant (P = .52). Estimated blood 
loss during the operation was measured using suction 
bottle at the end of surgery, which revealed no signifi-
cant difference between the two groups (324 ml versus 
310 ml for OPN and LPN groups respectively; P = .80). 
Peri–operative complications and intra-operative 
events: Eight out of 31 patients (25.8%) in OPN group 
suffered from pleural injury during the surgery, which 
was sutured and managed using a chest tube. Two cases 
in LPN were converted to open surgery, one of them was 
due to the injury on renal vein branches. None of the cas-
es in either groups was converted to radical nephrecto-
my. No cases of bowel or visceral injury was observed.
Any episode of high body temperature (over 38.5 ° Cel-
sius) during hospital admission and after surgery was re-
corded. Although fever was more common among those 
who had undergone LPN (44% versus 19%), the differ-
ence was not statistically significant (P = .09). Post-op-
erative complications are shown in Table 2. There were 
only 3 complications associated with OPN: 1 cerebro-
vascular accident, 1 gastrointestinal bleeding and 1 case 
of azotemia. Except for the latter, there was no other 
urologic complication. However, in LPN group, there 
were 5 cases of urinary extravasation (later treated with 
Dj insertion), 2 cases of urosepsis and 1 case of delayed 
hematuria (which was treated by expectant manage-
ment). The relative frequency of urologic complications 
was significantly higher in the LPN group (P = .04). 
Positive margin was seen in 3 laparoscopic and 1 open 
case (8.8% and 3.2% respectively). Statistical anal-
ysis by Fisher’s Exact Test did not show significant 
difference between the two groups (P = .40). There 
was no statistically significant relationship between 
positive margin and tumor size, location, tumor side 
and blood loss (P = .50, .20, .60 and .90 respectively).
Changes in clearance of creatinine: There was an over-
all increase in mean serum creatinine 24 hours and one 
month after surgery. The mean changes of serum Cr was 
significantly higher after OPN than LPN one day after 
the operation (+0.266 mg/dL versus +0.084 respective-
ly; P = .002). However, after one month, this difference 
was not statistically significant (+0.177 versus +0.097; 

Table 3. Mean creatinine and GFR changes 1 day and 1 month after the surgery.

Variable				    OPN		  LPN		  P value

Mean Cr changes after 24 hours (mg/dL)		  +0.266		  +0.084		  0.002*

Mean Cr changes after 1 month (mg/dL)		  +0.177		  +0.097		  0.115

Mean GFR changes after 24 hours (mL/min)		  -14.34		  -3.61		  0.045*

Mean GFR changes after 1 month(mL/min)		  -10.48		  -8.56		  0.572

Abbreviations: Cr, creatinine; GFR, glomerular filtration rate; OPN,  open partial nephrectomy; LPN, laparoscopic partial nephrectomy.
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P = .11). As shown in Table 3, changes in mean GFR 
follow the same rule. The mean warm ischemic time 
(WIT) was 19.08 minutes in OPN and 20.97 minutes 
in LPN, which was not significantly different (P = .50). 
Post-operative pain control and patient satisfaction: 
Lower doses of pethidine was needed in LPN group to 
control patients’ pain in the first 24 hours (16.3 mg versus 
27.3 mg pethidine for LPN and OPN respectively; P = 
.04). However, evaluation of mean visual analogue scale 
(VAS) indicated no significant difference between the 
two groups (P = .70 and P = .35 for VAS before and after 
narcotic administration respectively). Further analysis 
of patient satisfaction (one month later) indicated that 
patients in the LPN group were more satisfied with the 
whole operation than those in the OPN group (P = .02).

DISCUSSION
Current information in the literature on the compari-
son of LPN and OPN in small renal masses are mainly 
based on retrospective articles and reviews. This study 
is the first prospective trial in which safety and efficacy 
of LPN and OPN are compared in pathological stage 
T1a of renal tumors(11). Historically, LPN was primarily 
used for relatively small, peripheral and exophytic kid-
ney masses and retrospective studies were accompanied 
with a selection bias(7); but in this study, endophytic and 
mid pole tumors were also included and matched in 
two comparative groups and renal nephrometry score 
which indicates surgical difficulty, is also similar in two 
groups. Patients’ performance status and BMI were also 
matched in two groups. Thus this study tried involv-
ing a broader spectrum of renal masses in LPN group 
in order to achieve a more comprehensive conclusion. 
Furthermore, current data on advantages and disadvan-
tages of LPN are complex and controversial. As a min-
imally invasive approach, it brings out small scar for-
mation and more appealing appearance(12).A study by 
Gill et al. revealed that LPN was accompanied with less 
intra-operative hemorrhage, earlier hospital discharge, 
rapid convalescence, and shorter surgery time. WIT 
was longer in LPN group, though. Like our study, the 
margin positive cases were higher in laparoscopic than 
open group (3 versus zero cases), although the differ-
ence was not significant (P = .10)(13).It should be taken 
into account that the mean size of renal tumors in the 
study of Gill et al. was smaller than the present study 
(28 mm for LPN and 33 mm for OPN) and as such, pa-
tients in OPN group had significantly larger tumors (P 
= .005). But in the present study, the mean size of renal 
masses was not different in the two groups (P = .30).
Another large retrospective study by Gill et al. on 1800 
patients indicated that patients with decreased perfor-
mance status, larger tumors and centrally located kidney 
tumors had undergone OPN rather than LPN. In these 
cases, LPN was accompanied with shorter surgical 
time, decreased operative blood loss and shorter hos-
pital stay. However, LPN was associated with longer 
ischemia time and increased urologic complications. 
The chance of intraoperative complications and renal 
function, which changes after 3 months were similar in 
the  two groups(14). Similarly, a review article by Por-
piglia et al. indicated longer WIT for LPN than OPN(15).
A study by Gong et al. on patients with stage T1a of 
renal tumors suggested longer operation and ischem-
ic time for LPN than OPN. However, laparoscopy 
was associated with less blood loss, hospital stay and 

post-operative complications(16). The results from the 
Italian multicenter “RECORd” project also indicated 
a longer WIT for LPN than OPN. Nevertheless, GFR 
was not significantly different after 6 months(17).On 
the other hand, a literature review on the role of min-
imally invasive techniques for kidney masses suggest-
ed shorter ischemia time, lower complication rate and 
decreased morbidity for LPN in contrast to OPN(18),
A multicenter retrospective study by Crepel and associ-
ates indicated longer surgical time for LPN than OPN. 
Intraoperative blood loss and complications were simi-
lar in the two groups. Laparoscopy was associated with 
shorter hospital stay, while LPN was done in smaller 
and more peripheral tumors. Therefore, this study sug-
gested that “the indications for laparoscopic partial 
nephrectomy remain selective”(19). Another retrospec-
tive study by Marszalek et al. demonstrated that WIT, 
hospital stay and surgical time were lower in LPN than 
OPN group. Surgical hemorrhage, adverse effects and 
GFR changes were comparable in the two groups(20). 
Similarly, Springer et al. concluded that WIT is lower in 
LPN than OPN; but there was no significant difference 
between long term GFR and oncologic outcomes(21). 
As stated above, irrespective of whether WIT was 
longer or shorter in LPN than in OPN,  the mean 
long term GFR was always comparable to open sur-
gery as shown in several studies(14,15,17,20,21). Moreover, 
this study presents similar results in stage T1a of re-
nal tumors. However, it should be noted that the sur-
geon’s expertise and tumor accessibility are two im-
portant factors that may influence ischemic time(17).
Most studies suggest that peri-operative complications 
are similar between LPN and OPN. Some studies indi-
cated that surgical bleeding is lower during laparosco-
py(13, 16, 18). In the study, the mean hemorrhage and he-
moglobin drop were not different in two groups.  Open 
partial nephrectomy was associated with more cases of 
pleural injury, which was due to flank surgical approach. 
However, the rate of urologic complications and uri-
nary leakage was significantly higher in the LPN group. 
This result is consistent with earlier retrospective stud-
ies(8,13,14),  and maybe due to difficulty in the repair of pye-
localyceal system and Dj insertion during laparoscopy.  
Earlier studies have warned about margin involvement 
in laparoscopic surgery, which may be attributed to lack 
of tactile sense during surgery(13,22,23). Higher rates of 
margin positive cases in LPN than OPN were observed 
in this study, although not statistically significant, but 
suggests extra precision and wider margin excision for 
laparoscopy to warrant a margin-free pathology. More 
prospective studies with long-term follow up are needed 
to evaluate the oncologic outcomes of this difference.
This study, as the first clinical trial in this field, is ac-
companied with several limitations. Patient randomiza-
tion was not possible due to ethical issues and paucity 
of strong evidence about feasibility of LPN in all types 
of renal tumors. In addition, relatively small sample 
size and short follow up may affect the results of this 
study. More prospective multi-center surveys with long 
–term follow up and large volume population are nec-
essary to justify the information obtained by this study.

CONCLUSIONS
LPN is an acceptable alternative to OPN in clini-
cal stage T1a of renal tumors. It has some advan-
tages over OPN such as more patient satisfaction 
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scores and better post-operative pain control. The 
mean hospital stay, WIT, intra-operative hemor-
rhage, peri-operative complications and changes in 
GFR are comparable to OPN. However, while LPN 
is selected as the primary choice, extra caution is re-
quired about tumor margin and urinary leakage. 
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